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By Marvel P. Miller and Hartley A. Soul&

Summary,

The NationalAdvisory Committeefor Aeronauticshas adopted
the practice of measuring the moments of iaertia of all airplanes
that become available through theiruse in flight researchwork.
This paper, which is the first of a series pre=egtingthe results
of such measurements,gives the momental ellipsoidsof ten army
and naval biplanes and one commercialmonoplane. The data were
obtainedby the use “ofa.pend.ulummethod, previouslydescribed.
The moments”of inertiaare expressedin coefficientas well as in
dimensionalform, so that those“forairplanesof widely different
weightsarid’di~ensions’can he compared. “l%ecoefficientsare al-
sa.usefulfe~.estimatingthe mozientsof inertiaof airplanesfor
which no measarernentsof inert”iahave %eefimade. To determine
the ac”curacywith which the “momentsof inertiacan le computed
from design data~ calculationswere made of the monents of iner-
tia for’’aneo“fthe abtiveairplanes~y.summingup the moments of
inertia of its constituentparts. It was found that the com-* puted values were in error 20, 10, and 5 per cent for the X,
Y, and Z axes, res~ectively.

b

Introduction

A careful”quantitativestudy of the forces and the couples
involve~in the rotationalmotion of-”ana’i.rplanerequiresac-
curate data on its mornefitalellipsoid. An urgent need for such
data appeared in connectionwith the study of spins being con-
ducted by the NationalAdvisory Committeefor Aeronautics. Th8
need was net %y the developmentof an :accurateexperimental
method for determiningmomeats of inertia (Reference1).

Because of the scarcity of relia33.edata on the subject,
the Committeemakes a practice of”determinin~the moments of in-
ertia of all airplanes that are used i’nits variousresearches.
This paper presents the results of these measurementsfor eleven
airplanes of various types and sizes. With the exceptionof one

8 small commercialmonoplane, th: airplagesare representative
army and naval %iplanes. ,.,,
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The method used is the same as that describedin Reference
1, with the differencethat the virtualmass of the airplane,
i.e., the actual mass plus an additionalmass to account for the
effect of the air disturbedby the motion of the airplane,is

? used in the calculationsinsteadof the mass obtained%y “dividing
[ the weight in air by the accelerationof gravity’. Tests on a

body of known moment of inertiahave shbwn this method to give
resultswith an error of less than 1 per cent. ~— ——

As additionalinformationof this kind is obtained,it will
be made availablethroughpublication.

Results

The data for the airplanesinvestigated(Table 1] include
the.moments of inertiaand radii of gyrationabout the reference
axes.of the airplaneand the angle of the principalaxes with the
referenceaxes. The sign of the angle of the principalaxes in-
dicates in which quadrantsformed by the X and. Z reference
axes of the”airplane the >~rincipalaxes lie. Positiveangles are
measured counterclockwisein the plane of symmetrywken the air-

“--plane ‘isviewed from the left side. Since the X and Z ref-
erence axes are, by definition,assumed to lie in the plane of
symmetry,the transverseaxis is a principalaxis. The X axis.
is taken parallel to the thrustaxis.

A cross sect-ionof the momental ellipsoidfor one of the
airplanes is shown in Figure 1. This is an ellipserrhichhas
its major and minor axes inversely proportionalto the radii of
gyration Kx, Kz about the principalaxes of the airplane.

---. .

Nondimensionalcoefficientshave been calculatedfor the
purpose of comparingthe momenta of inertiaof airplaneswhose
size and weight diff’erwidely. These are given in Ta’ble11 and
were obtainedfrom tljefollowingexpressions:

cA=’_.._L_
: (h”+-b’)
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the coefficientsfor the moments
inertiashout the X, Y, and Z
respectively,

the moments of inertiaabout the
aad Z axes,

weight,
over-allheiflht,
span,
aver-allIsngth. :,. ,....’.,’
Discussion
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“ ‘At‘t:imesthere is”a necessity fo? hlowiligt-il’e”rnom”entsof
iner”tta“ofa.itrplaneadn which.measur”ernen”%s.ha”ve“n”ot%eti”rimade.
!l%e’se”’cambeestimated.with “theaid of de’s.ign”ddta,”’suc’h““asthe

,.

balance Liagran and weight analysts,“bya sum~tiotiof”themo-
ments of “inerti”aof the in”di~i’dnalpib~ts;,howetier,.‘because“of
the.inaccuraciesin”we.igk.tsand dimensions”,-th6’“ab’cumula”tionof
small“erro’rs”n’ay‘makethe results “unreliable%~ To cheek .t,he’‘ac-
curakyof;th’i~.me’thodthe moments of inert.i’abf a.PT-I airplan”e
were determinedby computationand the ‘r’estiltstie-r-ecomptik”ed
with those obtainedby direct measurement.

,. .. :..: . ....,,.. . ..1:
.’The“a”c’fua.lweight’sof th”evarlausrparts of’tti”e”~plan,e~

were “mea.sur”edand were.in good agrebiiient‘wit-qthe’w’e~ghtsgiven
on the .I%JAn.ctidiagram. A three-viewdr”awitigiiasnise”din con-
junctionwith’the balance diagram to obtain ‘the~acati’o”nof ‘tlie
componentTarts in relationto the’re.ferenc~e&.xes‘“ofthe air-
plane. The total moment of inertiaabout any axis was found by
summingup the moments of inertia of the constituent&arts about
that axis. The smallerparts.we”re~as’sud~~’to-h“etio”neenhtrated’
masses located.‘a”t.‘theiroenters of grav-”ity,atidth’e~~binentof
inertia of each wa-s”’takenas “tY:e.ma.ss’t.ines’.%ie“sQuareof the
distance to the axis about which the moment of inertiawas de-
sired. For the larger units, such as wing panels and fuselage,
account was talkenof their dimensionsand mass distribution.
The wing panels were consideredas bodies of uniform densityand
were integratedover their length. The moment of inertia of the ~
fuselagewas obtainedby consideringeach piece of Jubing p.ppa-
rately. The eh~ine,not ‘easll~divided into smalleruhit’s,was
treateddg.a concentratedmass locatedat its center of gravity.“.,-,, .. ,.

klc”ula%ions’ were made~?irstwith the major parts of the
airplane treatedas Ixmogengousmasses and secondwith the major
parts subdividedinto smallerunits. As was exyected,the ac-
curacy was greatly increasedwhen tfiesmallerunits were used.-
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With the smallersuhdivi.sionsthe moments of inertiayere 20,
10,,and 5 per cent below those obtainedfrom swingingtests for
the X, Y, and Z ares, respi3ctively.The maximum accuracy
could apparentlybe obtainedwith extremelysmall sul)divisions;
the labor involved,however, would be considerableand there is
the possibilitythat, becauso of the additionalerrors intro-
duced %y increasingthe number of measurements,the accuracy
would not be greatly increased. ,

Occasionallya high degree of accuzacy is not necessary;
then, coefficientssimilarto those in T!ableII may be used to
estimate the moments of inertia of somewhat similarairplanes.
In using these coefficientsit is only necessaryto know the
weight and over-alldimensionsof the air~;laneconsidered.
This method is probablyas accurateas the ono just described,
and is obviouslymuch more convenient. In fac”t,for the moment
of inertia about the lateralaxis, the present data indicate
that an accuracy within 10 per cent can be obtainedmerely by
using the average coefficientwithout--regardto the structural :
characteristicsof the airplane consider”cd.Yor the same de-

,-

,greeof accuracy,however,the coefficientsfor the othor axes
must be chosenwith due considerationof the sinilari,tybetw”een
the airplane consideredand the othe”rsfor which the coeffi-
cients have been established.

The number of airplanesfor which the coefficientsare
availablewill %e added to f“romtime to timo as additionalmo- “

,—

ment of inertiameasurementsare made. Theso coefficients
.. K

should become,especiallyhelpfulwhere swingingfacilitiesaro “ , --:
not available; howover, the pendulummethod must %e resorted ; - 1
to when the utmost accuracyis desired. .. “e—

Langley MemorialAeronauticalLaboratory,
NationalAdvisory Committeefor Aeronautics,

—

LangleYJ?ield,Vs., April 10, 1931.
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Air-
plane
———.

VE-7

PT-1

3?W-9

W-1

Doyle
0-2

02U-3

F4B-1

NY-2

0-11

NB-1

XN2Y
-1

———.

TABLE II
———

~w@=G
34*11 24.45 8.58

34.’79 27.67 9.00

32.08 22P85 8.75

34.48 27.75 9.6’7

19.00 7.92

34.50 24.63 10.04

30.00 20.61 9s58

40.00 27.75 11.74

38.00 28.33 10.08.

36.83 25.17 10.73

.0174

.0218

..0141

.0223

.0168

.0198

.0146

.0283

.0131

.0236-

wk&d-s-

.0325

.0329

.0359

.0359

.0367

.0366

.0389

.0371

.033Q

.0390

] .0394
&-—

cc =
c-.————-

M (%2 + Z2)

.0208

.0217

.0192

.0243

.0180

.0228

.0200

.0264

.0197

.0263

.0222
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